Nguyen VP, Needham AD and Friend JA, 2005. A quantitative dietary study of the 'Critically Endangered' Gilbert's potoroo Potorous gilbertii. Australian Mammalogy 27: 1-6. Faecal analysis from the only known population of Gilbert's potoroo (Potorous gilbertii) near Albany, Western Australia revealed that it, like other rat-kangaroo species is primarily mycophagous. Diet was determined by faecal collections from live-captured animals within Two Peoples Bay Nature Reserve. Microscopic examination of samples collected from JuneSeptember 2000 and additional samples from storage, found fungi to comprise over 90% of faecal matter. A total of 44 fungal spore types were identified with many believed to be of hypogeous origin. Fungal spores belonging to the genera Mesophellia, Elaphomyces, Hysterangium and an unknown spore type (Unknown 1) were frequently recorded in samples. Non-fungal material including plants (stems, roots and seeds) and invertebrates represented the remainder. This investigation found that P. gilbertii fed almost exclusively on fungi and could be considered a specialised mycophagist.
MYCOPHAGY (fungus-feeding) has been well documented for a wide variety of small Australian mammals (Guiler 1971; Seebeck and Rose 1989; Claridge and May 1994, Claridge et al. 1996) . Generally regarded as items of low nutrient content, fungi are often consumed opportunistically and in small quantities by Australian animals with simple (hindgut) digestive strategies such as rodents. In contrast, some mammals, such as members of the family Potoroidae specialise on hypogeous fungi (fruiting underground) (Hungate et al. 1959; Hume 1978) . Also known as rat-kangaroos, this group of foregut-fermenting marsupials includes bettongs (Bettongia spp.), potoroos (Potorous spp.) and the musky rat-kangaroo (Hypsiprymnodon moschatus) which is predominantly a frugivore Dennis 2002) .
The Tasmanian bettong (Bettongia gaimardi) and brush-tailed bettong (Bettongia penicillata) both have a diet rich in fungi. For B. penicillata, a variety of fungal species are consumed during autumn and spring where high moisture levels favour the production of subterranean sporocarps (Christensen 1980) . In comparison, B. gaimardi consumes most fungi in autumn and summer, while in other seasons it diversifies to other fungi species that become available. In B. gaimardi, plant and invertebrate material were proportionally more important in spring and summer (Taylor 1992) . One possible explanation for the importance of fungi in the diet in summer and autumn is that sustained high moisture levels through the warmer months support bimodal sporocarp production (Fogel 1976) .
Studies of the northern bettong (Bettongia tropica) in north-eastern Queensland have shown the animals to predominantly feed on fungi. Fungi accounts for 23 -85% of the diet with consumption greatest at the end of the wet season. A total of 35 species of fungi were recognised in the faeces with the majority of a hypogeal nature. Grasses and lilies comprised up to 33% of the diet and were represented most in faecal samples collected over the dry period. Other material such as roots, seeds, fruits, tubers and invertebrates accounted for < 10% (Johnson and McIlwee 1997; Vernes et al. 2001) .
For Potorous species such as the long-nosed potoroo (Potorous tridactylus), fungi also comprise a large proportion of the diet. Over 70% is composed of hypogeous fungi and seeds during autumn and winter. In spring and summer, alternative food items such as invertebrates, plant tissue and fleshy fruits become proportionally more significant (Bennett and Baxter 1989) . To date the long-footed potoroo (Potorous longipes) has been found to be the most dependent on fungi of any Australian mammal. Faecal analysis suggests that the diet of P. longipes is composed of over 85% fungi throughout the year, with plant and invertebrate material comprising the remainder. (Green et al. 1999 ).
Gilbert's potoroo (Potorous gilbertii), was presumed extinct until rediscovered in 1994 in the south-west of Western Australia. Classified as 'Critically Endangered', the conservation and management of this species is of prime importance Start et al. 1995) . Of the many ecological aspects requiring investigation, one of the most urgent is diet. Preliminary investigations suggest that the species has a diet rich in fungi similar to other rat-kangaroos (Bougher 1998; Syme 1999) . Such a diet could have conservation and management implications, particularly for captive animals where the provision of hypogeal fungi would be labour intensive and expensive. Therefore, successful captive husbandry of the species may rely on substituting their natural diet with other food items with similar nutritional value. This paper describes a dietary examination of P. gilbertii from faecal samples collected from 1998 to 2000. The primary aim was to use spores to identify the type of fungi consumed and to determine if there were any seasonal shifts in diet. It is hoped that the information gathered will be used to improve the diet of captive P. gilbertii.
METHODS

Study site and sampling regime
Animals were trapped in three main sites identified as East Firebreak, North Firebreak and Lower Gully in Two Peoples Bay Nature Reserve near Albany (34 o 59' S; 118 o 11' E). Previous trapping records have indicated that animals freely move between sites therefore precluding meaningful comparisons of diet between sites. The reserve covers an area of 4,638 ha and is characterised by deep gullies, ridges and exposed granite sheets. The region receives an annual average precipitation of 802.8 mm with high winter rainfall occurring in June -August (> 90 mm) while the summer months of December -February receives the least (< 10 mm) (Bureau of Meteorology Western Australia). The exclusion of fire for the last 50 years has created a mosaic of vegetation types including a dense scrub layer of low heath, sedgegrass (Anarthria and Dasypogon spp.) and patches of Eucalyptus woodland (CALM 1995; Vetten 1996) . Faecal samples were collected from animals during June 2000 and early September 2000 (n = 18) with additional samples in stored collections covering September (1998) to April (2000) (n = 48). The month of May was the only period that was not represented in the collection. Additional faecal pellets were obtained for opportunistic sampling from trap locality West-6, Lower-gully and Robinsons. A total of 41 samples were examined from East Firebreak, 16 in Lower Gully and 6 in North Firebreak. Only one sample from each of the study site West-6, Lower-gully and Robinsons were available. Samples from these sites were included in the total composition calculations. All samples obtained were labeled with animal identification number, date, sex and site.
Fine fraction analysis
Two 1 mm x 1 mm subsections were cut from each faecal pellet and several drops of 3% KOH were added to rehydrate one sub-section. The latter subsection was gently crushed with a drop of the resultant mixture and examined microscopically under high power (400x). The other sub-section was rehydrated with distilled water and gently crushed. A drop of this mixture was examined with Melzer's stain. Melzer's stain induced two colour changes in spores: amyloid (blue colour) or dextrinoid (brown colour) (Bougher 1998; Green et al. 1999) . Ten fields of view were examined for each sub-section to record spore presence or absence. Spores were classified based on morphology, shape, colour and available reference literature (Bougher 1998; Symes 1999) . Spores that were unidentified were described and catalogued for future studies (Nguyen 2000) . Identification of spores were based on mycological records (Beaton et al. 1983 (Beaton et al. , 1985 Bougher 1998; Bougher and Syme 1998) .
Coarse fraction analysis
The remaining faecal pellet was ground with 70% ethanol then the resulting slurry washed through a 125 µm x 125 µm mesh Endocott test sieve. Several drops of the filtered remains were placed on a microscope slide and suspended in 30% glycerol. Two slides were prepared of each pellet with ten random fields of view examined. Scoring the percentage cover of each dietary item was conducted as per Green et. al. (1999) . Each item was categorised into the following scale according to the area it covered in the field of view: 1: < 5%, 2: 6 -25%, 3: 26 -50%, 4: 51 -75% and 5: 76 -100%. The mean relative percentage cover was calculated by the total cover of each dietary item divided by the 20 fields of view.
RESULTS
Fungal spores were the dominant item in the faeces of P. gilbertii. Faecal pellets were mainly comprised of fungal spores, with volumes greater than 70% found for all months with little seasonal variation (Fig 1.) . Plants (2.4%), invertebrates (2.3%), sand particles and unidentified detritus (25%) comprised the remainder. Sand particles will not be discussed further as they are not considered part of the diet (Christensen 1980). Plant materials that were identified included vessels, monocotyledon roots, woody dicotyledon roots and occasionally seeds. Examinations by the Perth Herbarium identified two seeds as belonging to species of Epacridaceae, possibly Leucopogon sp. and Astroloma sp. Another seed was identified as from the fruit bearing plant, Solya heterophylla. Identification of invertebrate material could not be established due to insufficient remains and the poor state of preservation.
Fine fraction analysis of scats distinguished 44 spore types with seven recorded in over 70% of faecal samples. These include the fungal taxa Mesophellia, Hysterangium, Elaphomyces, and an unknown small cylindrical spore which was found in all fields of view. The fungal genera Descomyces, Thaxterogaster (or Cortinarius) and the species Castoreum tasmanicum were also frequently identified (i.e., present in over 60% of faecal samples). These fungal genera have been linked to a truffle-like fruiting habit (hypogeous) (Bougher 1998). Other fungal types were found less frequently in the faecal samples and are not listed because they could not be positively identified.
DISCUSSION
Faecal pellets from P. gilbertii in Two Peoples Bay Nature Reserve were found to predominantly comprise fungi with some unidentified detritus, plant and invertebrate material. These findings confirm preliminary examinations that suggested P. gilbertii was mycophageous (Bougher 1998; Syme 1999) . Spores that were taxonomically identified were all from hypogeous species, suggesting a preference by P. gilbertii for this particular fungal type, a preference that appears typical of mammals that eat fungi (Claridge and May 1994). However, a large proportion of the spores examined could not be identified, indicating a large number of undescribed species of fungi at Two Peoples Bay.
The main fungal taxa identified in this study have also been recorded in the faeces of other potoroids (Claridge et al. 1993) . Fungi belonging to the family Mesophelliaceae, in particular the genera Mesophellia, Castoreum and Hysterangium appear to be common in the diet of other potoroids. For example, B. gaimardi selectively feds on Mesophellia and C. tasmanicum, P. tridactylus feds on a variety of Hysterangium spp., while faecal examinations of P. longipes contains high amounts of Mesophellia (Bennett and Baxter 1989; Taylor 1992; Green et al. 1999) . However, in these same studies, Elaphomyces was found to be of marginal importance. This species was particularly important for P. gilbertii with all faecal samples examined containing Elaphomyces. Similarly, Hysterangium inflatum was important in the diet of other species but not for P. gilbertii (Bennett and Baxter 1989; Taylor 1992) . It is unclear whether these fungal species are less abundant in Two Peoples Bay Nature Reserve or that P. gilbertii selectively feeds on other species. Further investigation is required in cataloging the fungi of the reserve.
Non-fungal material such as roots, stems and bark were classed as minor plant items. The type and consistently small amount of plant material consumed suggests that P. gilbertii does not actively forage for plant material but may occasionally eat fruits. However, due to the small sample size of scats analysed, it is difficult to determine the precise role of vegetative material in the diet of P. gilbertii. Dietary studies have shown that P. tridactylus regularly consumes plant material, with a greater percentage occurrence of monocotyledon leaves, dicotyledon leaves and vascular tissue during spring and summer compared to autumn and winter. Similarly, invertebrate material appears to be consumed seasonally with the greatest amount recorded in spring and summer (Claridge et al. 1993) . A similar dietary pattern has been observed in other fungi-dependent potoroids except P. longipes and P. gilbertii (Guiler 1971; Christensen 1980; Taylor 1992) .
The importance of fruit and seeds in the diet of P. gilbertii is still unclear. While some fruits are palatable and occur commonly in Two Peoples Bay Nature Reserve, they do not appear to be a favoured source. Seeds have been utilised by other potoroids during periods of low fungal production (Christensen 1980; Taylor 1992) . In P. longipes, seeds did not appear to be a significant part of the diet (Green et al., 1999) . Interestingly, the fruit of an Astroloma sp. was important in the diet of B. gaimardi. The seed of an Astroloma sp. was also found in the faeces of P. gilbertii. Whilst there may be other available food items in the reserve, P. gilbertii still favours fungi which either indicates an abundance of accessible fungi or that other food items are less common due to inter-species competition from bandicoots, possums, dasyurids and rodents.
One of the main limitations of our study was the classification of fungi, with many species remaining unidentified. Previous mycological surveys of Two Peoples Bay Nature Reserve have only described a fraction of the fungal species found in the faeces of P. gilbertii. Since mycological surveys of hypogeous fungi are labour intensive and opportunistic, cataloging fungi has been a difficult and expensive exercise (Syme 1999) . The high resource demands of collecting hypogeous fungi makes it difficult to further dietary studies, including nutrient analyses or an examination of feeding patterns. Such studies are likely to assist the establishment and maintenance of a healthy and viable captive population of P. gilbertii. However, this is an area that needs further investigation.
The potoroid that most closely demonstrates dietary similarities to P. gilbertii, in terms of quantity of fungi consumed, is P. longipes. Faecal analysis of P. longipes has identified a diet comprising 91.2% fungi. Green et al. (1999) suggested the high all year round consumption of fungal material by P. longipes was due to the change in availability of certain fungal species. During winter, P. longipes was found to feed abundantly on fungi close to the soil surface but as the moisture content in the soil decreased, alternative fungal genera such as Mesophellia, which were more resistant to changing environmental conditions, became more important. In contrast to other potoroids where plant and invertebrate material are important during seasons of low sporocarp production, P. longipes maintains a high fungal intake by switching between fungal species as they become available and occupies habitat where fungal production is maintained all year round.
In conclusion, we have demonstrated that P. gilbertii is primarily mycophagous and that conservation of this species will need to ensure management practices that maintain its food resources. Clearly, further work is required to catalogue the fungal diversity of Two Peoples Bay Nature Reserve and to systematically collect fungi to examine seasonal trends and the availability of food resources to P. gilbertii. This would enable an improved understanding of P. gilbertii's nutritional requirements and feeding ecology. 
